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Responsiveness of the ductus arteriosus to
prostaglandin E1 assessed by combined cross

sectional and pulsed Doppler echocardiography
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SUMMARY Cross sectional echocardiography combined with Doppler echocardiography was used
to record either ductal morphology or the flow profile within the ductus arteriosus before and after
infusion of prostaglandin El in 25 newborn infants with cyanotic and acyanotic congenital heart
disease with ductus dependent blood flow. The ultrasound results were compared with changes in

arterial oxygen tension and the overall clinical response to prostaglandin El seen during the same
period in 24 of the 25 patients in whom the degree of ductal narrowing could be determined with
the ultrasound method. At the time ofthe study, the ductus was widely patent or slightly narrowed
in 12 patients and was closed in two patients. These patients did not respond to prostaglandin El.
There was prominent localised narrowing of the ductus in seven patients and generalised
narrowing in three. After the infusion of prostaglandin El there was no ductal narrowing in these
patients, except for one patient who had slight residual localised narrowing. There was also a

considerable change in the ductal flow profiles in each patient. In these 10 patients infusion of
prostaglandin E1 resulted in an increase in arterial oxygen tension, clinical improvement, or both.
The present study indicates that prostaglandin El is effective in patients with prominent

narrowing ofthe ductus but is not in patients in whom the ductus is widely patent or closed. Cross
sectional echocardiography combined with Doppler echocardiography was useful for predicting
the responsiveness of the ductus arteriosus to the infusion.

Since 1975, prostaglandins El and E, have been used
to maintain the patency of the ductus arteriosus in
newbom infants with cyanotic and acyanotic congen-
ital heart disease with ductus dependent blood
flow." The clinical effects of prostaglandins are
variable. The factors that determine an infant's
responsiveness to the infusion are not clear.
Clyman et al showed that in newbom lambs the

absence ofductus responsiveness to prostaglandin E2
was directly related to reduced luminal blood flow.7
Recently, several investigators have shown that cross
sectional echocardiography combined with Doppler
echocardiography allows accurate assessment ofboth
the shape of the ductus and the flow dynamics of the
shunt in patients with the ductus arteriosus.&" We
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therefore applied this technique to assess changes in
the shape of the ductus arteriosus and the flow
velocity profiles before and during prostaglandin E1
infusion and to evaluate the difference between the
group of patients who responded to the infusion and
those who did not.

Patients and methods

Twenty five patients with congenital heart disease
whose survival is dependent on ductal blood flow
were evaluated prospectively between May 1985 and
November 1987. All were treated with infusion of
prostaglandin El after cross sectional Doppler
echocardiographic diagnosis before cardiac catheter-
isation. At the onset of infusion the infants were five
hours to 35 days old (76% were <5 days old).
Prostaglandin El was infused at a dose of 0 05 to 0 1
pg/kg/min into a peripheral vein. The diagnosis was
subsequently confirmed by angiography except for
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Table Patient data

Cross sectional
echocardiogram

Age
(days) DA

Patient at PGE, DA appearance
No Diagnosis infusion shape before PGE,

Group 1 (ductus dependent pulmonary blood flow):
1 TA (Ia) 4 T Narow PA end
2 TA (Ia) 0 T Wide
3 TA (Ib) 0 T Wide
4 PA, VSD 1 T Narrow PA end
5 PPA 2 T Narrow PA end

and middle
6 PPA 1 C Wide
7 PPA 0 C Narrow middle
8 PPA 1 T Narrow middle
9 Ebstein, PS I T Narrow whole

length
10 d-TGA, VSD, PS 2 T Narrow PA end

Group 2 (ductus dependent systemic venous mixing):
11 d-TGA (IVS) I C Wide
12 d-TGA (IVS) 0 C Wide
13 d-TGA (IVS) 1 C Narrow PA end

and middle
14 d-TGA (IVS) 0 C Wide
15 d-TGA (IVS) 3 C Narrow PA end
16 d-TGA (IVS) 0 C Wide
I IT -3 -T11 A IV11 d-1TA(IVS)

Group 3 (ductus dependent syi
18 Coarctation

19 Coarctation, UVH

20 HPLHS
21 HPLHS
22 Coarctation, UVH
23 Coarctation
24 Coarctation, VSD I

Group 4
25 TAPVC (infra),

ASD

PGE,, prostaglandin E,; DA, d
atresia with intact ventricular
(Ib), tricuspid atresia with sm
and pulmonary stenosis; PA, p
atresia with intact ventricular s
TGA (IVS), d-transpositioi
ventricular septum); coarctati
univentricular heart; HPLHS
TAPVC (infra), total anomalr
(infracardiac type); ASD, atr
cylindrical.

two patients with hypol
which was diagnosed t
diography alone. The pal
groups (table). Group 14
ductus dependent puhnl
complex pulmonary atr4
stenosis). Group 2 consi
ductus dependent systeff
transposition of the gre
tricular septum and atrig
foramen ovale). Group 3
with ductus dependent s
tion of aorta and hypop
The only patient in gr(

pulmonary venous connection with venous obstruc-
tion in which the descending vein terminated in the
hepatic vein, and with no other associated anomaly.
In this patient, treatment with prostaglandin El was
started on the basis of Doppler determined ductal
flow profiles and clinical deterioration. The efficacy
of prostaglandin El in the patients in groups 1 and 2
was assessed by changes in arterial oxygen tension.
Arterial oxygen tension was usually measured
immediately before and several times after the start of
the infusion. When more than one value was obtained
after the onset of the infusion, the value obtained
closest to one hour after the start of the infusion was
used for the analysis. The overall clinical effects of
the infusion in the patients in groups 3 and 4 were
evaluated by changes in blood pressure in the arms
and legs, urine flow, and serial chest x ray films. In
two infants with simple coarctation of the aorta, the
systolic pressures in the femoral and radial arteries
were monitored simultaneously throughout the
period of infusion.

1 C Narrow PA end CROSS SECTIONAL AND DOPPLER
stemic blood flow): ECHOCARDIOGRAPHIC STUDIES
8 C Nalowewhole All patients were studied with a pulsed Doppler

35 C Narrow whole echocardiographic system (Hewlett Packard, Model
length 77020 AC) with a 5 MHz shallow focus transducer2 C Wide

1 C Wide immediately before and several times after the start of
2 c CWlosed infusion of prostaglandin E,. The data obtained
10 C Closed closest to one hour after the start ofthe infusion were

used to compare arterial oxygen tension values in
patients in groups 1 and 2. For a high parasternal

1 C Narrow middle approach, the transducer was positioned in the
luctus arteriosus; TA (Ia), tricuspid second or third left intercostal space, rotated coun-
septum and pulmonary atresia; TA terclockwise, and directed inferiorly or slightly
iall VSD (ventricular septal defect) superiorly tpulmonary atresia; PPA, pulmonary s In this plane the ductus arteriosus was
septum; PS, pulmonary stenosis; d- imaged above the junction of the left pulmonary
n of the great arteries (intact artery with the main pulmonary trunk as reportedDn, coarctation of the aorta; UVH,
;, hypoplastic left heart syndrome; previously."'
lous pulmonary venous connection If this standard parasternal approach failed to
rial septal defec; T, tortous; C, visualise the ductus along its entire length we used

another plane. The transducer was placed just below
plastic left heart syndrome, the right or left clavicle. Then it was rotated to
)y cross sectional echocar- visualise the long axis of the aortic arch-clockwise
tients were divided into four when the arch was left sided and counterclockwise
consisted of 10 patients with when the arch was right sided. Next the transducer
onary blood flow (simple or was directed inferiorly to visualise the ductus, the
esia and critical pulmonary main pulmonary artery, and the aortic arch in the
isted of seven patients with same cut.
aic venous mixing (complete Doppler interrogation was performed during
at arteries with intact ven- simultaneous visualisation, with the sample volume
al septal defect or persistent placed in the middle ofthe ductus when it was widely
3 consisted of seven patients patent and not tortuous, and at the pulmnonary end, in
ystemic blood flow (coarcta- the middle, and towards the aortic end when it was
lastic left heart syndrome). tortuous. Care was taken to place the sample volume
oup 4 had total anomalous at the same site in the ductus before and after the
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0 ______________.

Fig 1 (a and c) Long axis plane of the ductus showing localised narrowing in the middle (arrow). (b) Ductal
flow profile indicating the left to right shuntflow of high velocity toward the transducer at a sampling site within
the localised narrowing. (d) Non-phasicflow of low velocity upstream of the narrowing. Note the difference in
flow velocity profile seen at two sampling sites within the ductus. A, anterior; P, posterior; S, superior; I,
inferior; M-PA, main pulmonary artery; L-PA, left pulmonary artery; DA, ductus arteriosus; Des Ao,
descending aorta.

infusion of prostaglandin E,. Previous reports of the
closure process in normal newborn infants,4 suggest
that narrowing of the entire length of the ductus
should be regarded as prominent when the ductus is
< 2mm in diameter along its entire length. Similarly,
we judged localised narrowing of the ductus to be
prominent when the high velocity jet more than 2 m/s
was directed superiorly from the localised narrowed
portion of the ductus or if a characteristic non-phasic

continuous flow of low velocity was recorded up-
stream from the narrowed portion at an intercept
angle of <500 or both (fig 1). We regarded other
degrees of localised intraluminal narrowing on imag-
ing to be slight. When no lumen was visible and
Doppler showed no left to right shunting, closure of
the duct was diagnosed. The Doppler profile and
electrocardiograms were recorded simultaneously at
100 mm/s and stored on video tape for later analysis.
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(p.) "l P

Fig 2 (a) Cross sectional echocardiogram showing a tortuous ductus arteriosus (small arrows) in a patient with
tricuspid atresia and pulmonary atresia with intact ventricular septum (type Ia). The window was obtained with a
transducer just below the right clavicle. The widely patent ductus supplied the pulmonary arteries andformed an acute
angle with the descending aorta. (b) The angiocardiogram for the same patient. See legend to fig I for abbreviations.

Flow toward the transducer was displayed above the
baseline, whereas flow away from the transducer was
displayed below it.

STATISTICAL ANALYSIS
A two tailed Student's t test was used for statistical
analysis of the difference ofmean values between the
two groups.

Results

DUCTAL MORPHOLOGY AND FLOW PROFILES
BEFORE PROSTAGLANDIN El INFUSION
The ductus could be clearly visualised along its entire
length from a high parastemal approach in two
planes in all patients except for two with a closed
ductus, seven with a tortuous ductus in whom it was
not possible to obtain an adequate imaging by the
standard parasternal plane (fig 2), and two patients
who had a cylindrical ductus. Ten patients had a
ductus widely patent along its entire length, ranging
from 3 to 7-5 mm (mean 5-3 mm) in the widest inner
diameter. Of the remaining 13 patients with patent
ducts, ductal narrowing was seen in the localised
portion in 10 and along its entire length in three
patients (table).

The Doppler method showed continuous left to
right shunt flow within the ductus in all patients with
ductus dependent pulmonary blood flow (group 1). A
change in direction in the continuous velocity pattern
was noted within tortuous ducts. In the other groups
of patients with a patent ductus, ductal shunt flow
profiles ranged from continuous left to right shunting
to right to left shunting. In 14 ofthe 15 patients with a
cylindrical ductus, the angle of intercept was < 30°
within the ductus. In eight patients with a tortuous
ductus the angle varied considerably with the sam-
pling site in the ductus, but in seven patients it was
< 50° at the aortic end, the pulmonary end, or both.
This cross sectional and Doppler echocardiographic
method showed that the degree ofthe ductal narrow-
ing in a localised portion or along its entire length was
prominent in 10 and mild in two; another patient had
a localised narrowing and the ductus was almost
vertically aligned with the Doppler cursor.

CLINICAL AND DUCTAL RESPONSIVENESS TO
PROSTAGLANDIN E.
In 16 of the 17 patients in groups 1 and 2 arterial
oxygen tension was studied after prostaglandin E,
infusion. A good clinical response, that is an increase
in arterial oxygen tension of > 10mm Hg, was noted
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p P<O*001
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o Group 2
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o Group 2

During PGE,
infusion

Fig 3 Arterial oxygen tension (Pao2) (mean (SD)) before
and during infusion ofprostaglandin E, in patients in groups
1 and 2. Note the difference in the response to prostaglandin
E, between 7 patients with prominent narrowing of the ductus
(a) and nine patients with slight narrowing of the ductus or a
widely patent ductus (b).

in only the seven patients in groups 1 and 2 who had
prominent localised narrowing or narrowing along
the whole length of the ductus before the infusion (p
< 0 001) (fig 3a).
In all of these patients ductal narrowing on cross

sectional and Doppler echocardiography disap-
peared after the infusion (fig 4). In contrast, the
remaining nine patients who had a slightly narrowed
or widely patent ductus did not show any significant
change in arterial oxygen tension after the infusion
(fig 3b). None of the 10 patients who had a widely
patent ductus before and during the infusion showed
a significant change in the widest ductal diameter. In
two group 3 patients (cases 18 and 19) with coarcta-
tion of the aorta, the femoral artery pulse and urine
flow improved during the infusion. In one patient the
systolic pressure difference between radial and
femoral arteries decreased from 55 to 30 mm Hg. In
both patients the ductus was widely patent and the

ductal flow profile changed from a right to left shunt
to a bidirectional shunt after the infusion. In the
other five group 3 patients, who had a widely patent
or closed ductus, we saw no major changes in overall
clinical findings after the infusion. In the two patients
with a closed ductus, the ductus remained closed
even when a high dose ofprostaglandin E, (0 1 pg/kg/
min) was given. In one patient (group 4) who had
obstructive total anomalous pulmonary venous con-
nection, the infusion resulted in an apparent
improvement in pulmonary oedema on serial chest x
ray films obtained 10 hours later and an increase in
urine flow. This coincided with ductal dilatation and
an increase in ductal right to left shunting (fig 5).

Discussion

In patients who did not respond to prostaglandin E,,
echocardiography combined with Doppler echo-
cardiography showed that the ductus was widely
patent or only slightly narrowed before prosta-
glandin El infusion. Furthermore, the infusion had
no effect on ductal diameter in any patient with a
widely patent ductus. These data confirm the
hypothesis that the diameter to which prostaglandin
El will dilate the ductus is limited.' In such patients,
the infusion will not produce a further increase in
oxygenation or clinical improvement, though it can
be administered prophylactically to prevent ductal
narrowing. Nor was prostaglandin E, effective in
patients in whom the ductus was fully closed. But the
infusion was very effective in patients in whom the
ductus was patent with prominent localised or gen-
eralised narrowing. The ductus may remain respon-
sive to prostaglandin El as long as the ductus is not
allowed to close fully before the infusion. The
number of patients that we studied was too small to
conclude that this outcome will always be achieved in
such cases. Further study is needed to clarify this
point.

In most of the patients with ductal narrowing,
intraluminal changes were noted at a localised por-
tion before the infusion. This localised narrowing
was shown to be early evidence of ductal changes
leading to spontaneous closure.'4 Cross sectional
echocardiographic imaging alone provides important
information ofchanges within the ductal lumen.'0 .. .4
However, when the degree of localised narrowing is
assessed by direct imaging the dimension of the
narrowing in one plane cannot be used to assess the
absolute size of the narrow portion and if the
narrowed portion is < 2 mm in diameter it may fall
outside the range of lateral resolution of the equip-
ment being used. In the present study, the Doppler
method could be used to confirm the ductal patency
in patients with narrowing along the entire length of
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-I.

Fig 4 Cross sectional echocardiograms and Doppler
and ventricular septal defect. (a) Localised narrowing
ductus before infusion ofprostaglandin E,. (b) The loc
Characteristic low velocity flow near aortic end of the I
continuousflow awayfrom the transducer at the same s

See legend to fig I for abbreviations.

the ductus. This technique also provided additional
information on the degree of the localised narrowing
within the ductus. A high velocity jet was detected
within and downstream from the narrowed portion.
The flow velocity seen upstream of a localised
narrowing was low and was usually non-phasic.
Smallhorn and Freedom found that in patients with
obstructive total anomalous venous connection the
Doppler determined flow was non-phasic with a low

145

'chocardiograms in a patient with pulmonary atresia
,,(arrow) is indicated near the pulmonary end of the
-alised narrowing disappeared during the infuision. (c)
ductus before the infusion. (d) A high velocity
site as (c). The intercept angle was 30' in both panels.

velocity and turbulent with a high velocity, respec-
tively, in the areas proximal and distal to the site of
obstruction.15 Thus the characteristic flow profiles
seen in patients with prominent localised narrowing
seem to reflect the actual narrowing within the
ductus. But this Doppler approach is not accurate in
patients in whom the ductus is imaged in a near
vertical position to the Doppler cursor.

In two patients in group 3 with coarctation of the
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Fig 5 Cross sectional echocardiograms and Doppler echocardiograms in a patient with obstrutive total
anomalous pulmonary venous connection. (a) Localised narrowing in the ductus (arrow) in its middle portion
before infusion ofprostaglandin E,. (b) Ductus was widely patent during the infusion (c and d) Right to left
ductal shuntflow awayfrom the transducer was predominant before and during the infusion. Ductal dilatation
resulted in laminar right to left ductal shuntflow. R-PA, right pulmonary artery; L-PA, left pulmonary
artery; Ao, aorta; see legend tofig I for other abbreviations.

aorta, a right to left ductal shunt became bidirectional
after the infusion. This raises the possibility that the
additional left to right shunt and diminished
radiofemoral gradient are a consequence of
diminished coarctation in such cases.
Freedom et al reported that prostaglandin E,

infusion resulted in severe pulmonary oedema with
considerable respiratory distress in one patient who
had visceral heterotaxia, asplenia, and complex con-
genital heart disease including pulmonary atresia and

an obstructive total anomalous pulmonary venous
connection.'6 In the patient with obstructive total
anomalous pulmonary venous connection and
uncomplicated pulmonary outflow tract obstruction
included in this study, the pulmonary oedema and
urine flow improved within 10 hours of the infusion.
The major change here may be that from a turbulent
jet to a more laminar jet suggesting that a larger
volume is passing through the ductus from the
pulmonary artery to the aorta. Therefore, the
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Responsiveness of the ductus arteriosus to prostaglandin E, 147
difference in the clinical response to prostaglandin El
between Freedom's case'6 and ours seems to relate to
the direction of shunt flow across the ductus and its
flow volume, consequent on the presence or absence
of pulmonary valve atresia.

We thank Miki Sakakibara, Harumi Kawai, and
Masahiro Ohe for technical assistance.
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